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1. A and B are the 3 x 3 matrices

2 -1 3 -1 2 2
A= 1 4 =2 B=| -2 1 6
-3 1 -1 2 4 =5

Calculate

(i) 2A+ B and A — 3B.

(ii) the products AB and BA.

(iii) the transpose matrices A and B7.

(iv) the traces tr(A), tr(B), tr(AB) and tr(BA).

(v) the determinants det(A), det(B) and det(AB).
Verify for this case that det(AB) = det(A)det(B).

2. (a) Find the inverse of the 3 x 3 matrix

1 -1 2
C= 2 3 0
-2 0 -4
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(b) Show, without directly expanding the determinant, that

3

z =(b—a)(c—a)(c—Db)(a+b+c)

— =
o o
oS

3. (a) Find the eigenvalues and corresponding eigenvectors of the 2 x 2 matrix

o-(35)

Hence find a a transformation matrix P for which P~' D P = A, where A is a diagonal
matrix.

(b) Show that the matrix D satisfies its characteristic polynomial.

(c) Show that the 2 x 2 matrix

11
o= (¢ )
V2 V2
is orthogonal. Verify that det(G) = 1 and show that the eigenvalues are
141

A=A

4. (a) For ¢ = 2z%y + bxy® — Ty?2?
find
(i) Vo
(ii) the directional derivative at (1,1,1) in the direction (1,2, —1).

(iii) Find the tangent plane to the surface
22%y + bay? — Ty?2® = —4
at the point (1,2,1).

(b) For q = (2?2, —xy?, 2y2)

find divq and curl q and verify that div(curlq) = 0.
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5. (a) For the scalar field ¢ = z%y*2 and the vector field p = (zy, Tyz, 222?), verify that
(i) div(¢p) = ¢divp + p.Vo

(ii) curl (¢ p) = V¢ x p + ¢ curlp
(b) Show that the parabolic cylinder co-ordinates (u, v, w) given in terms of the carte-
sian co-ordinates (z,y, z) by

1
sz(UQ—vz), y=uv, z=w

are orthogonal and find the corresponding hq, hs, h3.

B
6. (a) Evaluate the line integral / q.dr, where
A

q = (zy, 22y, 2°)

around the positive quadrant of the circle 2? + y? = a? given by

r=acost, y=asint, 2z=0, 0<t<

o

from the point A = (a,0,0) to the point B = (0, a, 0).

(b) Calculate the surface flux integral / q.ndS and the volume integral / divqdV
s %

where
q=(z,y,0)

where V is the sphere 22 + y? + 22 = a2, given in spherical polar co-ordinates by
r=rsinfcos\, y=rsinfsin), z=rcosb, 0<r<a 0<0<m 0< A< 27

and S is the surface of this sphere, with outward normal n.

Hence verify for this example that the Divergence Theorem holds.
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